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Power amplifier and communication device including power amplifier 



(54) 

(57) A resistor (Rx) and a capacitor (Cx) are pro- 
vided for a variable impedance element (1) which per- 
forms distortion compensation of a power amplifier. 
Thus compensation of amplitude-amplitude distortion 
and amplitude-phase distortion can be separately 



adjusted As a result, distortion of the power amplifier 
can be reduced effectively and a highly efficient opera- 
tion is made possible. 
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[0001] The present invention relates to power 
amplifiers and communication devices. More particu- 
larly, the present invention relates to a power amplifier 
for transmission which is used in a radio communication 
device or the like requiring amplification with low distor- 
tion, and a communication device which includes the 
power amplifier. Description of the Background Art 
[0002] As in mobile communication systems for 
mobile phones or the like, radio communication systems 
using quasi-microwave and microwave bands have rap- 
idly spread in recent years. That greatly contributes to 
attaining portable terminals of lighter weight and lower 
power consumption. 

[0003] In order to achieve lighter weight of portable 
terminals, it is effective to use lighter batteries of a small 
capacity type. However, employment of the small 
capacity type generally shortens the time till the battery 
runs out. Therefore, lower power consumption, that is, 
improvement in the power efficiency is strongly required 
for power amplifiers for transmission which lead to most 
power consumption of terminals at the time of transmis- 
sion. 

[0004] In constant amplitude analog modula- 
tion/demodulation systems using conventional FM mod- 
ulation/demodulation methods, power amplifiers can 
operate in a saturated state and thus they can be made 
more efficient relatively easily. Recently, however, com- 
munication systems which employ digital modula- 
tion/demodulation using QPSK (quadrature phase shift 
keying) modulation or the like with high frequency utili- 
zation efficiency have become the mainstream. 
[0005] In the digital modulation/demodulation meth- 
ods, information is transmitted by both the amplitudes 
and phases of signals, and thus power amplifiers are 
required to linearly amplify input signals. Generally, as 
an increase in output power due to the increased input 
power approaches saturation, the power amplifiers 
come to have higher distortion and power efficiency. 
Therefore, high power efficiency and low distortion are 
in a tradeoff relationship. Attempts to improve the power 
efficiency are often made by adding a distortion com- 
pensation circuit so that the operation is performed with 
low distortion even at high input power. One example is 
described in Japanese Patent Laying-Open No. 9- 
260964 entitled "High Frequency Amplification Circuit" 
(hereinafter, referred to as Document 1). 
[0006] Rg. 15 shows a circuit configuration of a 
power amplifier disclosed in Document 1. Referring to 
Fig. 1 5, a power amplifier 900 includes a bipolar transis- 
tor Tr90 for power amplification, a diode D90, a capaci- 
tor C90, and bias resistors R91, R92. Diode D90 and 
capacitor C90 form a distortion compensation circuit. 



When a bias voltage Vb is supplied, the base bias con- 
dition of bipolar transistor Tr90 is determined by the 
direct current characteristics of bias resistors R91 , R92 
and diode D90. 
5 [0007] Capacitor C90 has capacitance which is 
regarded as a grounded state regarding a high fre- 
quency at the operating frequency of power amplifier 
900 Impedance measured from the base end of bipolar 
transistor Tr90 toward diode 90 is only the resistance 
10 and capacitance components of diode D90 with regard 
to a high frequency. The impedance is equivalent to par- 
allel connection between the base and emitter of bipolar 
transistor Tr90 with regard to a high frequency. 
[0008] An input signal causes the instantaneous 
is voltage between the base and emitter of bipolar transis- 
tor Tr90 to fluctuate with time. However, since a diode 
characteristic is observed between the base and the 
emitter, higher voltage fluctuation and lower voltage 
fluctuation of the instantaneous voltage are asymmetn- 
20 cal, with the center being a voltage when a signal is not 
applied. Thus, the average voltage varies with input 
power. Specifically, because of the diode charactens- 
tics when the voltage across the diode increases and 
the current increases, then the impedance is lowered. 
25 Since the voltage amplitude at the higher voltage side is 
small, the average voltage is shifted toward the lower 
voltage side because of the input signal. The shift 
amount increases with an increase in the input power. 
[0009] The capacitance component of a diode 
30 depends on a voltage across the both ends of the diode 
(both end voltage dependence). Therefore, the voltage 
shift due to an increase in input power changes the 
capacitance between the base and emitter of bipolar 
transistor Tr90. Thus, the reactance component of bipo- 
35 lar transistor Tr90 from the base end is changed, which 
changes the transmit of a signal. This is "amplitude- 
phase distortion" as a cause of distortion for a power 
amplifier. 

[0010] In power amplifier 900 shown in Fig. lb, 
40 phase distortion caused by the non-linearity of capaci- 
tance between the base and emitter of bipolar transistor 
Tr90 is compensated for by adding a distortion compen- 
sation circuit formed of diode D90 and capacitor C90. 
[0011] In other words, an increase in input power 
45 decreases the average voltage of the diode portion 
(between the base and emitter) of bipolar transistor Tr90 
and, at the same time, increases the average voltage 
across the both ends of diode D90 which is connected 
in parallel, with regard to a high frequency, with the base 
so and emitter of bipolar transistor Tr90. Therefore, the 
change in the diode capacitance value between the 
base and emitter of bipolar transistor Tr90 and the 
change in the capacitance value of diode D90, which 
are caused by an increased or decreased input power, 
55 offset each other, mitigating the dependence of the 
transmit on the input power in the power amplifier. Thus, 
bipolar transistor Tr90 can effectively maintain linearity 
even at input power closer to saturation. As a result, the 
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power efficiency is improved. 
[00121 If bias power supply Vb and the base of bipo- 
lar transistor Tr90 are connected only through fixed 
resistance, the higher the base power caused by an 
increase in input power, the higher the effect of sup- 
pressing an increase in the base current becomes 
which is caused by a reduction in the voltage at the fixed 
resistance portion. Therefore, the collector current is 
prevented from increasing, which reduces a gain due o 
an increase in the input power, that is, causes amph- 
tude-amplitude distortion. In power amplifier 900, as the 
base current flowing in diode D90 is larger, the resis - 
ance component of diode D90 is lowered and the volt- 
age drop is mitigated. It is therefore possible to reduce 
amplitude-amplitude distortion. 
[00131 As described above, the amplitude-phase 
distortion characteristic and the amplitude-amplitude 
distortion characteristic have to be compensated for to 
lower distortion of the power amplifier. In the above 
described distortion compensation method in power 
amplifier 900, however, only the non-linearity of the 
resistance and capacitance components of diode D90 is 
used to provide compensation. Thus, once diode 90 to 
be used is determined, the non-linearity of the resist- 
ance and capacitance components are fixed at the 
same time. The non-linearity of them cannot be set to 
an optimum value separately. 
[00141 Consequently, in some cases, only one or 
amplitude-phase distortion and amplitude-amplitude 
distortion can be compensated for or distortion compen- 
sation of one of them can exacerbate the other distor- 
tion When the amplitude-phase distortion and 
amplitude-amplitude distortion are to be compensated 
for at the same time, compensation for both may be 
insufficient. 

[001 51 Such a power amplifier has to be operated at 
a higher bias current to maintain low distortion. If low 
distortion is realized, the power efficiency decreases, 
that is the power consumption increases. Therefore, 
when the power amplifier is used for a battery-driven 
communication terminal, the communication time till the 
battery runs out is shortened. 

SUMMARY OF THE INVENTION 



[0016] Therefore, the present invention provides a 
power amplifier of low distortion and high power effi- 
ciency, and a low power consumption communication 
device including the power amplifier. 
[0017] A power amplifier according to one aspect of 
the present invention includes a power amplification ele- 
ment including a first bipolar transistor of a common- 
emitter type, a voltage supply circuit for supplying the 
base of the first bipolar transistor with a bias voltage, 
and a distortion compensation circuit for compensating 
for distortion of the power amplification element. The 
distortion compensation circuit includes a variable 
impedance element provided between the voltage sup- 



ply circuit and the base of the first bipolar transistor, and 
an adjustment circuit for adjusting at least one of a reac- 
tance component and a resistance component from the 
f irst transistor toward the variable impedance element, 
s [001 8] Therefore, according to the power amplifier, 
the reactance component and the resistance compo- 
nent from the base end of the bipolar transistor for 
amplification toward the variable impedance element 
can be separately adjusted. Thus, amplitude-amplitude 
,o distortion and amplitude-phase distortion can be sepa- 
rately compensated for. As a result, lower distortion of 
the power amplifier can be realized. 
[0019] Preferably, the power amplifier includes a 
resistor having one terminal connected to the power 
t5 supply circuit, and a capacitor connected between the 
other terminal of the resistor and a ground potential 
[0020] Therefore, according to the power amplifier, 
the reactance component and the resistance compo- 
nent from the base end of the bipolar transistor for 
20 amplification toward the variable impedance element 
can be separately adjusted by the resistor and the 
capacitor. Particularly, the smaller the resistance com- 
ponent is, the smaller the gain of the power amplifier 
becomes because of signal power consumption with the 
25 resistance component. For example, when adjustment 
of the reactance component is more effective than 
adjustment of the resistance component for distortion 
compensation, however, addition of the resistor can 
increase the resistance component and improve the 
30 qain of the power amplifier. 

[0021 ] More preferably, the variable impedance ele- 
ment is formed of a diode element having an anode 
connected to the voltage supply circuit and a cathode 
connected to the base of the first bipolar transistor 
35 [0022] Therefore, according to the power amplifier, 
a diode is particularly used as the variable impedance 
element, and therefore the both end voltage depend- 
ence of the variable impedance element comes to have 
the same type as the both end voltage dependence of 
40 impedance at a diode portion between the base and 
emitter of the bipolar transistor used for amplification. It 
can be especially effective for distortion compensation 
in the case of a wide-ranging input power. 
[0023] More preferably, the variable impedance ele- 
45 ment includes a second bipolar transistor configured to 
form a PN junction between the voltage supply circuit 
and the base of the first bipolar transistor. 
[0024] Therefore, according to the power amplifier, 
employment of the diode portion of the bipolar transistor 
so as the variable impedance element enables the vanable 
impedance element to be manufactured in the same 
process as the bipolar transistor for amplification. Since 
a semiconductor element used for the power amplifier 
can be limited to one type of bipolar transistors, it simpli- 
ss fies the device parameter extraction process for circuit 
design of circuit elements used for the power amplifier. 
Since a power amplifier circuit including the variable 
impedance element can be formed in a monolithic man- 
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ner on a semiconductor substrate, the power amplifier 
can be miniaturized. 

[0025] More preferably, the variable impedance ele- 
ment is formed of a second bipolar transistor having an 
emitter connected to the base of the first bipolar transis- 
tor a base connected to the voltage supply circuit, and 
a collector connected to a node for connecting the resis- 
tor and the capacitor. 

[0026] Therefore, according to the power amplifier, 
the emitter current of the second bipolar transistor is a 
sum of the base current and the collector current Since 
the collector current is almost proportional to the base 
current, the emitter current also has a diode-like cur- 
rent-voltage characteristic. Therefore, the second bipo- 
lar transistor functions as a variable impedance 

element. . 
[0027] Since the collector current is made variable 
by the resistor as a result, the emitter current is also 
made variable by the resistor. Therefore, even after a 
bipolar transistor, which also serves as a variable 
impedance element to be used, is selected, the variable 
resistance characteristic of the bipolar transistor can be 
adjusted by the resistor. As a result, the freedom of 
adjusting distortion compensation is increased. 
[0028] More preferably, the variable impedance ele- 
ment is formed of a second bipolar transistor having a 
collector connected to the base of the first bipolar tran- 
sistor a base connected to the voltage supply circuit, 
and an emitter connected to a node for connecting the 
resistor and the capacitor. 

[0029] Therefore, according to the power amplifier, 
the collector current of the second bipolar transistor has 
a diode-like current-voltage characteristic for the bias 
voltage and functions as a variable impedance element. 
In this case, since the emitter current is made variable 
by the resistor, the collector current is also made varia- 
ble by the resistor. Therefore, even after a second bipo- 
lar transistor to be used is selected, the variable 
resistance characteristic of the second bipolar transistor 
can be adjusted by the resistor, and the freedom of 
adjusting distortion compensation is increased. 
[0030] Preferably, the adjustment circuit includes a 
resistor having one terminal connected to the voltage 
supply circuit and the other terminal connected to the 
variable impedance element, and a capacitor con- 
nected between the voltage supply circuit and a ground 

potential. .... , 

[0031] Therefore, according to the power amplifier, 
the reactance component and the resistance compo- 
nent from the base end of the bipolar transistor for 
amplification toward the variable impedance element 
can be separately adjusted by the resistor and the 
capacitor. Thus, both amplitude-amplitude distortion 
and amplitude-phase distortion can be compensated for 
and the amplifier can have lower distortion. 
[0032] More preferably, the variable impedance ele- 
ments is formed of a second bipolar transistor having an 
emitter connected to the base of the first bipolar transis- 



tor a collector connected to the voltage supply circuit, 
and a base connected to the other terminal of the resis- 

[0033] Therefore, according to the power amplifier, 
5 the emitter current of the second bipolar transistor is a 
sum of the base current and the collector current. Since 
the collector current is almost proportional to the base 
current, the emitter current also has a diode-like cur- 
rent-voltage characteristic for the bias voltage. There- 
to fore, the second bipolar transistor functions as a 
variable impedance element. Since the base current is 
made variable by the resistor as a result, the collector 
current and the emitter current are also made variable 
by the resistor. Thus, even after a second bipolar tran- 
,s sistor to be used is selected, the variable resistance 
characteristic of the second bipolar transistor portion 
can be adjusted by the resistor, and the freedom of 
adjusting distortion compensation is increased. 
[0034] More preferably, the variable impedance ele- 
20 ment is formed of a second bipolar transistor having a 
collector connected to the base of the first bipolar tran- 
sistor, an emitter connected to the voltage supply circuit, 
and a base connected to the other terminal of the resis- 

25 [0035] Therefore, according to the power amplifier, 
the collector current in the second bipolar transistor has 
a diode-like current-voltage characteristic for the bias 
voltage. Therefore, the second bipolar transistor func- 
tions as a variable impedance element. Since the base 
so current is made variable by the resistor in this case, the 
emitter current and the collector current are also made 
variable by the resistor. Thus, even after a second bipo- 
lar transistor to be used is selected, the variable resist- 
ance characteristic of the second bipolar transistor 
35 portion can be adjusted by the resistor, and the freedom 
of adjusting distortion compensation is increased. 
[00361 More preferably, the first bipolar transistor 
and the variable impedance element are formed on one 
semiconductor substrate. 
40 [0037] Therefore, according to the power amplifier, 

the bipolar transistor for amplification and the vanable 
impedance element which are formed on one substrate 
can be configured in a monolithic manner. Therefore, 
the power amplifier itself can be miniaturized. 
45 [0038] Furthermore, the variable impedance ele- 
ment can be manufactured in the same process as the 
bipolar transistor for amplification. Since a semiconduc- 
tor element used for the power amplifier can be limited 
to one type of bipolar transistors, it is possible to simplify 
so the device parameter extraction process for circuit 
design of circuit elements used for the power ampl.fier. 
[0039] Preferably, the first bipolar transistor oper- 
ates in a Class B or Class AB mode. 
[0040] Therefore, according to the power amplifier, 
55 employment of the variable impedance element and the 
adjustment circuit enables compensation of amplitude- 
amplitude distortion and amplitude-phase distortion. 
Thus the bipolar transistor for amplification can be 
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operated at a bias current in about the Class B or Class 
AB operating mode. As a result, the efficiency of the lin- 
ear amplifier can be improved. 
[0041] Preferably, the gain of the power amplifier 
can be controlled by controlling an output voltage of the 
voltage supply circuit 

[0042] Therefore, according to the power amplifier, 
the distortion compensation circuit is also used as the 
bias circuit of the first bipolar transistor. By controlling 
the output voltage of the voltage supply circuit, there- 
fore, the bias current of the first bipolar transistor can be 
controlled. Thus, the gain of the power amplifier can be 
controlled while the function of distortion compensation 
is maintained. It is therefore possible to improve the 
power efficiency of a power amplifier used especially in 
a communication system which requires low distortion 
of the power amplifier and gain control in a wide 
dynamic range such as W-CDMA (Wide Band-Code 
Division Multiple Access) and IS-95 (interim standard 
95). 

[0043] Preferably, the power amplifier controls the 
distortion compensation amount of the distortion com- 
pensation circuit by controlling the output voltage from 
the voltage supply circuit. 

[0044] Therefore, according to the power amplifier, 
a DC voltage across the variable impedance element 
included in the distortion compensation circuit can be 
controlled by controlling the output voltage of the volt- 
age supply circuit. Thus, the impedance of the variable 
impedance element can be controlled. Since the distor- 
tion compensation amount of the distortion compensa- 
tion circuit can be adjusted as a result, it is possible to 
provide distortion compensation corresponding to the 
degree of distortion caused in the first bipolar transistor. 
As a result, the freedom of distortion compensation is 
increased as compared with a case where the output 
voltage of the voltage supply circuit is fixed. 
[0045] A communication device according to a fur- 
ther aspect of the present invention includes a power 
amplifier having a power amplification element including 
a first bipolar transistor of a common-emitter type for 
signal amplification and a distortion compensation cir- 
cuit for compensating for distortion of the power amplifi- 
cation element, and a voltage supply circuit for 
supplying the base of the first bipolar transistor with a 
bias voltage. The distortion compensation circuit 
includes a variable impedance element provided 
between the voltage supply circuit and the base of the 
first bipolar transistor, and an adjustment circuit for 
adjusting at least one of a reactance component and a 
resistance component from the first bipolar transistor 
toward the variable impedance element. 
[0046] Preferably, the adjustment circuit includes a 
resistor having one terminal connected to the voltage 
supply circuit, and a capacitor connected between the 
other terminal of the resistor and a ground potential. 
[0047] More preferably, the variable impedance ele- 
ment is formed of a diode element having an anode 



connected to the voltage supply circuit and a cathode 
connected to the base of the first bipolar transistor. 
[0048] More preferably, the variable impedance ele- 
ment includes a second bipolar transistor configured to 
s form a PN junction between the voltage supply circuit 
and the base of the first bipolar transistor. 
[0049] More preferably, the variable impedance ele- 
ment is formed of a second bipolar transistor having an 
emitter connected to the base of the first bipolar transis- 
w tor, a base connected to the voltage supply circuit, and 
a collector connected to a node for connecting the resis- 
tor and the capacitor. 

[0050] More preferably, the variable impedance ele- 
ment is formed of a second bipolar transistor having a 
75 collector connected to the base of the first bipolar tran- 
sistor, a base connected to the voltage supply circuit, 
and an emitter connected to a node for connecting the 
resistor and the capacitor. 

[0051] Preferably, the adjustment circuit includes a 
20 resistor having one terminal connected to the voltage 
supply circuit and the other terminal connected to the 
variable impedance element, and a capacitor con- 
nected between the voltage supply circuit and a ground 
potential. 

25 [0052] More preferably, the variable impedance ele- 
ment is formed of a second bipolar transistor having an 
emitter connected to the base of the first bipolar transis- 
tor a collector connected to the voltage supply circuit, 
and a base connected to the other terminal of the resis- 

30 tor. , . 

[0053] More preferably, the variable impedance ele- 
ment is formed of a second bipolar transistor having a 
collector connected to the base of the first bipolar tran- 
sistor, an emitter connected to the voltage supply circuit, 
35 and a base connected to the other terminal of the resis- 
tor. . . 
[0054] More preferably, the first bipolar transistor 
and the variable impedance element are formed on one 
semiconductor substrate. 
40 [0055] Preferably, the first bipolar transistor oper- 
ates in a Class B or Class AB mode. 
[0056] Preferably, the gain of the power amplifier is 
controlled by controlling an output voltage of the voltage 
supply circuit. 

45 [0057] Preferably, the distortion compensation 
amount of the distortion compensation circuit is control- 
led by controlling the output voltage of the voltage sup- 
ply circuit. , . 
[0058] Therefore, according to the communication 
so device, the power amplifier for transmission has low dis- 
tortion and high efficiency and thus the power consump- 
tion of the communication device is reduced. Especially 
for a battery-run communication device, the communi- 
cation time till the battery runs out can be increased. For 
55 attaining the same communication time as conventional 
products, a much smaller battery can be employed, 
resulting in a smaller or lighter communication terminal. 
[0059] Preferably, the communication device is 
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used in a communication system in which a signal 
includes an amplitude modulation component. If a 
transmitted signal includes an amplitude modulation 
component, distortion of the waveform of the transmit- 
ted signal at an amplification stage for amplifying the 
transmitted signal to a predetermined antenna output 
level makes it impossible to correctly demodulate the 
transmitted information at the receiver side. Therefore, 
the communication system requires a low distortion 
power amplifier which faithfully amplifies and outputs an 
input signal waveform as the power amplifier for trans- 
mission power. Such a communication system is, for 
example, W-CDMA, lS-95, PDC (Personal Digital Cellu- 
lar), PHS (Personal Handy-Phone System), IMT-2000 
(International Mobile Telecommunication 2000) and a 
wireless LAN (Local Area Network) at 5 GHz band. 
[0060] Therefore, according to the communication 
device, the low distortion power amplifier is included for 
transmission and thus correct information can be trans- 
mitted to the receiver side without distortion of the 
waveform of the transmitted signal. 
[0061] If the above-described communication 
device is used for the communication system such as 
W-CDMA, lS-95, PDC, PHS and IMT-2000 which 
requires a severe low distortion characteristic repre- 
sented by adjacent channel leakage power standard for 
a power amplifier for transmission, it is possible to attain 
both low distortion and high efficiency. Since the power 
consumption of the communication device can be 
reduced, the communication time till the battery runs 
out can be increased if the communication device runs 
on a battery. For attaining the same communication time 
as conventional product, a much smaller battery can be 
used, resulting in a smaller or lighter communication ter- 
minal. 

[0062] Preferably, the communication device further 
includes a detection circuit for detecting a signal power 
level input to the power amplifier or a signal power level 
output from the power amplifier, and a control circuit for 
controlling an output voltage of the voltage supply circuit 
according to the signal power level detected by the 
detection circuit. 

[0063] Therefore, according to the communication 
device, even in a communication system which requires 
signal amplification with low distortion, the gain or the 
distortion compensation amount of the power amplifier 
can be controlled by controlling the output voltage of the 
voltage supply circuit according to the detected input 
signal level or output signal level so that power con- 
sumption is minimized with a prescribed gain or with 
distortion within a determined value. Therefore, the 
power consumption of the communication device is 
reduced and, in the case of a battery-driven communi- 
cation device, the communication time till the battery 
runs out can be increased. For attaining the same com- 
munication time as conventional products, a much 
smaller battery can be used, resulting in a smaller or 
lighter communication terminal. 



[0064] The foregoing and other objects, features, 
aspects and advantages of the present invention will 
become more apparent from the following detailed 
description of the present invention when taken in con- 
5 junction with the accompanying drawings. 
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Fig. 1 shows a configuration of a power amplifier 
100 in a first embodiment of the present invention. 
Fig. 2 shows one example of another configuration 
of the power amplifier in the first embodiment of the 
present invention. 

Fig. 3 shows a configuration of a power amplifier 
200 in a second embodiment of the present inven- 
tion. 

Fig. 4 shows the result of a test comparing operat- 
ing characteristics of the power amplifier according 
to the present invention and a conventional power 
amplifier. 

Fig. 5 shows the result of a test examining relations 
between a capacitor and an operating characteris- 
tic of the power amplifier according to the present 
invention. 

Fig. 6 shows the result of a test examining relations 
between a resistance value and an operating char- 
acteristic of a resistor in the power amplifier accord- 
ing to the present invention. 
Figs. 7A and 7B are conceptual diagrams for 
describing test conditions. 
Fig. 8 shows a configuration of a power amplifier 
300 in a third embodiment of the present invention. 
Fig. 9 shows a configuration of a power amplifier 
400 in a fourth embodiment of the present inven- 
tion. 

Fig. 10 shows a configuration of a power amplifier 
500 in a fifth embodiment of the present invention. 
Fig. 1 1 shows a configuration of a power amplifier 
600 in a sixth embodiment of the present invention. 
Fig. 12 shows a configuration of a power amplifier 
700 in a seventh embodiment of the present inven- 
tion. 

Fig. 13 shows a configuration of a main part of a 
communication device 1001 in an eighth embodi- 
ment of the present invention. 
Fig. 14 shows another configuration example of the 
main part of communication device 1001 in the 
eighth embodiment of the present invention. 
Fig. 15 shows a configuration of a power amplifier 
900 described in Document 1. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First Embodiment 

[0066] A schematic configuration of a power ampli- 
fier 100 in a first embodiment of the present invention 
will be described with reference to Fig. 1 . Fig. 1 shows a 
configuration of power amplifier 100 in the first embodi- 
ment of the present invention. Referring to Fig. 1 , power 
amplifier 100 includes a common-emitter type bipolar 
transistor Tr1, a variable impedance element 1, a resis- 
tor Rx, and a capacitor Cx. Transistor Tr1 is a common- 
emitter type bipolar transistor for amplification, and var- 
iable impedance element 1, resistor Rx and capacitor 
Cx form a distortion compensation circuit. 
[0067] Variable impedance element 1 is connected 
between a voltage terminal Vb and the base of bipolar 
transistor Tr1. Resistor Rx is connected between volt- 
age terminal Vb and one terminal of capacitor Cx. The 
other terminal of capacitor Cx is connected to a ground 
potential. It may be considered that impedance from 
voltage terminal Vb toward the power supply with regard 
to a high frequency is incorporated as part of capacitor 
Cx and resistor Rx. One example of capacitor Cx is an 
MIM capacitor element. 

[0068] Bipolar transistor Tr1 receives an input signal 
at the base and outputs a signal from the collector. In 
power amplifier 100, distortion compensation of the 
power amplifier is performed by using the non-lineanty 
of reactance or resistance component of variable 
impedance element 1 and also using resistor Rx and 
capacitor Cx. 

[0069] If variable impedance element 1 is 
expressed by parallel connection of variable capaci- 
tance Cd and variable resistance Rd, resistance com- 
ponent Rz and reactance component Bz across the 
both ends of the variable impedance element are repre- 
sented by the following equations (1) and (2). 

Rz=Rd/[1+(wCd»Rd) 2 ] 0) 
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Bz = -wCd-Rd2/[1 +(w-Cd«Rd) 2 ] (2) 

In the equations (1) and (2), w=2*f (f is a signal fre- 
quency). 

[0070] Reactance component Bt and resistance 
component Rt of impedance (Zt= Rt + jBt) from the 
base end of bipolar transistor Tr1 for amplification 
toward variable impedance element 1 are represented 
by the following equations (3) and (4). 

(3) 
(4) 



Bt=Bz-1/(w-Cx) 
Rt = Rz + Rx 



[0071] In other words, the value of reactance com- 
ponent Bt and the change rate of reactance component 



Bt due to a change in reactance component Bz can also 
be adjusted by the capacitance of capacitor Cx. In addi- 
tion, the value of resistance component Rt and the 
change rate of resistance component Rt due to a 
change in variable resistance Rd can also be adjusted 
by the resistance value of resistor Rx. 
[0072] In other words, even after variable imped- 
ance element 1 to be used is set and the non-linearity of 
the resistance and capacitance components of vanable 
impedance element 1 is fixed, the non-linearity of reac- 
tance component Bt and variable resistance component 
Rt of impedance Zt from the base end of bipolar transis- 
tor Tr1 for amplification toward the variable impedance 
element can be separately adjusted by resistor Rx and 
capacitor Cx. 

[0073] Therefore, both amplitude-amplitude distor- 
tion and amplitude-phase distortion can be compen- 
sated for by resistor Rx and capacitor Cx, and lower 
distortion of the power amplifier can be realized. 
[0074] As resistance component Rt is smaller, the 
gain of the power amplifier becomes smaller due to sig- 
nal power consumption with the resistance component. 
If adjustment of reactance component Bt is more effec- 
tive than adjustment of resistance component Rt for dis- 
tortion compensation, for example, addition of resistor 
Rx can increase resistance component Rt. Thus, the 
gain of the power amplifier can be improved. 
[0075] When impedance Zt from the base of bipolar 
transistor Tr1 for amplification toward variable imped- 
ance element 1 becomes excessively smaller than the 
input impedance of bipolar transistor Tr1 , the degree of 
distortion compensation is so strong that distortion of 
the power amplifier is increased all the more. Con- 
versely, when impedance Zt becomes excessively 
larger than the input impedance of bipolar transistor Tr1 , 
the effect of distortion compensation is so small that dis- 
tortion of the power amplifier cannot be fully reduced. 
Therefore, the resistance value of resistor Rx has an 
optimum value range, and it is preferable experimentally 
that the resistance value is approximately equal to the 
input impedance of bipolar transistor Tr1. 
[0076] For example, in a power amplifier which out- 
puts approximately one watt used in a current mobile 
communication system, the input impedance of the last 
stage transistor is from a few ohms to several tens of 
ohms. Thus, resistor Rx to be used is favorably one pro- 
viding 10-100 ohms. 

[0077] Fig. 2 shows one example of another config- 
uration of the power amplifier in the first embodiment of 
the present invention. A power amplifier 150 shown in 
Fig 2 includes a resistor R3 in addition to the configura- 
tion of power amplifier 100. Resistor R3 is provided 
between voltage terminal Vb and variable impedance 
element 1. As described above, resistor R3 may be pro- 
vided between variable impedance element 1 and volt- 
age terminal Vb for the purpose of bias adjustment and 
additional distortion compensation. This also applies to 
power amplifiers described below. 
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[00781 For higher efficiency of the power amplifier, it 
is effective to operate bipolar transistor Tr1 for amplica- 
tion in about the Class B (the direct current bias is set so 
that the collector-to-emitter voltage has a sine wave and 
the collector current has a half-wave rectification wave- 
form) mode or the Class AB (the direct current bias is 
set between the Class B mode and the Class A mode in 
which the direct current bias is set so that the collector- 
to-emitter voltage and the collector current both have a 
sine wave) mode. Operation at these bias points usually 
easily causes distortion to an output waveform. How- 
ever the configuration according to the first embodi- 
ment of the present invention suppresses the distortion. 
Therefore, a highly efficient power amplifier can be real- 
ized by operation in about the Class AB mode or the 
Class B mode. 

Second Embodiment 



[00791 A schematic configuration of a power ampli- 
fier in a second embodiment of the present invention will 
be described. Fig. 3 shows a configuration of a power 
amplifier 200 in the second embodiment of the present 
invention. Referring to Fig. 3, power amplifier 200 
includes a common-emitter-type bipolar transistor TM 
for amplification, a resistor Rx, a capacitor Cx, and a 
diode element D1 . As shown in Fig. 3, diode element D1 
is used as a variable impedance element (element 1 in 
Fig 1) in the second embodiment of the present inven- 
tion Diode element D1 has its anode connected to a 
voltage terminal Vb and its cathode connected to the 
base of bipolar transistor Tr1 . 
[0080] The both end voltage dependence of diode 
D1 as a variable impedance element is the same type 
as the both end voltage dependence of impedance at a 
diode portion between the base and emitter of bipolar 
transistor Trl. Thus, in the case of a wide-ranging input 
voltage and wide-ranging input power, the effect of dis- 
tortion compensation becomes particularly remarkable. 
[0081] In the following, the test result concerning 
operating characteristics when a diode is used will be 
described with reference to Figs. 4 to 7A and 7B. Fig. 4 
shows the result of a test comparing operating charac- 
teristics of the power amplifier according to the present 
invention and a conventional power amplifier. Fig. 5 
shows relations between the capacitor and the operat- 
ing characteristic in the power amplifier according to the 
present invention. Rg. 6 shows the result of a test 
examining relations between the resistor and the oper- 
ating characteristic in the power amplifier according to 
the present invention. Figs. 7A and 7B are conceptual 
diagrams for describing test conditions. Rg. 7A corre- 
sponds to a power amplifier 1000 according to the 
present invention, while Fig. 7B corresponds to a con- 
ventional power amplifier 2000 formed for comparison. 
[0082] For the test shown in Fig. 4, test conditions 
were determined so that power amplifier 1000 accord- 
ing to the present invention and conventional power 



amplifier 2000 have a similar degree of phase distortion. 
Specifically, the frequency was 1.95 GHz and 60 unit 
transistors connected in parallel were used as b.polar 
transistors Tr1, Tr90. For power amplifier 1000, a 20 O 
s resistor Rx, a 4.5pF capacitor Cx. and a diode D1 
formed of four unit transistors connected in parallel were 
also used. For conventional power amplifier 2000, a 
100pF capacitor C90, and a diode D90 formed of 36 
connected unit transistors were also used. For the teste 
, 0 of Figs. 5 and 6, capacitor Cx and resistor Rx in Fig. 7A 
were changed. 

[0083] In Fig. 4. the solid line with black circles cor- 
responds to amplitude distortion of power amplifier 
1000 the dash line with white circles corresponds to 
15 amplitude distortion of conventional power amplifier 
2000. In addition, the solid line with black triangles cor- 
responds to phase distortion of power amplifier 1000 
according to the present invention, and the dash line 
with white triangles corresponds to phase distortion of 
20 conventional power amplifier 2000. 

[0084] If the phase distortion is adjusted almost to 
the same extent, conventional power amplifier 2000 
exhibits a reduced gain with an increase in the input 
power as shown in Fig. 4. In other words, the conven- 
25 tional power amplifier can adjust phase distortion 
although its compensation performance of amplitude 
distortion is low. On the contrary, power amplifier 1000 
according to the present invention exhibits a widened 
range in which the gain is constant regardless of the 
30 input power. In other words, it is found out that the 
power amplifier according to the present invention can 
simultaneously compensate for both phase distortion 
and amplitude distortion. 

[0085] In Fig. 5, the solid line with black circles cor- 
35 responds to 2.5pF, the solid line with white triangles cor- 
responds to 4.5pF, and the solid line with the symbols of 
* corresponds to 10pF. Furthermore, group A is amph- 
tude distortion and group B is phase distortion in Fig. 5. 
[0086] In Fig. 6, the solid line with black circles cor- 
ao responds to 5ft, the solid line with white triangles corre- 
sponds to 20ft, and the solid line with the symbols of 
corresponds to 50ft . Furthermore, group A is amplitude 
distortion and group B is phase distortion in Fig. 6. 
[0087] As can be seen from Rgs. 5 and 6, both 
45 phase distortion and amplitude distortion are compen- 
sated for at any values. 

[0088] Since distortion can be suppressed even in 
the configuration according to the second embodiment 
of the present invention, operation in about the Class 
so AB or Class B mode is possible. Thus, a higher efficient 
power amplifier can be realized. 



Third Embodiment 

55 [0089] A schematic configuration of a power ampli- 
fier in a third embodiment of the present invention will 
be described. Fig. 8 shows a configuration of a power 
amplifier 300 in the third embodiment of the present 
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invention. Referring to Fig. 8, power amplifier 300 
includes a common-emitter type bipolar transistor Tr1 
for amplification, a resistor Rx, a capacitor Cx, and a 
bipolar transistor Tr2. In the third embodiment of the 
present invention, a PN junction (diode) between the 5 
base and emitter of bipolar transistor Tr2 is used as a 
variable impedance element 1. The emitter of bipolar 
transistor Tr2 is connected to the base of bipolar transis- 
tor Tr1 for amplification. The base of bipolar transistor 
Tr2 is connected to a voltage terminal Vb. n> 
[00901 Although the collector terminal of bipolar 
transistor Tr2 is not used in the third embodiment of the 
present invention, the collector of bipolar transistor Tr2 
may be connected to the base of bipolar transistor Trl 
for amplification, and the PN junction between the base is 
and collector of bipolar transistor Tr2 may be used as a 
variable impedance element (diode element). 
[0091] By using the diode portion between the base 
and emitter (or between the base and collector) of bipo- 
lar transistor Tr2 as a variable impedance element, bipo- 20 
lar transistor Tr1 for amplification and bipolar transistor 
Tr2 can be manufactured in the same manufacturing 
process. Since a semiconductor element used for the 
power amplifier can be limited to one kind of bipolar 
transistors, it is possible to simplify the device parame- 25 
ter extraction process for circuit designing of circuit ele- 
ments used for the power amplifier. Furthermore, the 
power amplifier circuit including the variable impedance 
element can be formed in a monolithic manner on a 
semiconductor substrate, and therefore the power so 
amplifier Itself can be miniaturized. 
[0092] Since distortion can be suppressed even in 
the configuration according to the third embodiment of 
the present invention, operation in about the Class AB 
mode or the Class B mode is possible. Thus, a highly 35 
efficient power amplifier can be realized. 

Fourth Embodiment 

[0093] A schematic configuration of a power ampli- *J 
tier according to a fourth embodiment of the present 
invention will be described. Fig. 9 is a diagram for 
describing a configuration of a power amplifier 400 in 
the fourth embodiment of the present invention. Refer- 
ring to Fig. 9, power amplifier 400 includes a common- 45 
emitter type bipolar transistor Tr1 for amplification a 
resistor Rx, a capacitor Cx, and a bipolar transistor Tr2. 
Resistor Rx and capacitor Cx are connected in series 
between a voltage terminal Vb and a ground potential. 
Bipolar transistor Tr2 has its collector connected to a so 
node for connecting resistor Rx and capacitor Cx, its 
base connected to voltage terminal Vb, and its emitter 
connected to the base of bipolar transistor Tr1 for ampli- 
fication. . 
[0094] If the emitter current, base current and col- ss 
lector current of bipolar transistor Tr2 are Ie2, Ib2 and 
lc2 respectively, then emitter current Ie2 is a sum of 
base current Ib2 and collector current Ic2 and collector 



current Ic2 is almost proportional to base current Ib2. 
Therefore, emitter current Ie2 also exhibits a d.ode-like 
current-voltage characteristic for voltage Vb. In other 
words, bipolar transistor Tr2 functions as a vanable 
impedance element. 

[0095] For power amplifier 1 00 in the first embodi- 
ment of the present invention, one end of resistor Rx is 
open with regard to direct current. Even if the bipolar 
transistor is used as variable impedance element 1, 
therefore, resistor Rx does not influence the Was state 
of the bipolar transistor. On the contrary, in the fourth 
embodiment of the present invention, resistor Rx is con- 
nected In series between voltage terminal Vb and the 
collector of bipolar transistor Tr2, and collector current 
lc2 "is made variable by resistor Rx. Therefore, emitter 
current Ie2 is also made variable by resistor Rx. Conse- 
quently, even after bipolar transistor Tr2 to be used is 
selected, the variable resistance characterise of bipo- 
lar transistor Tr2 can be adjusted by resistor Rx, and the 
freedom of adjusting distortion compensation is 
increased. 

[00961 Since distortion can be suppressed even in 
the configuration according to the fourth embodiment of 
the present invention, operation in about the Class AB 
mode or the Class B mode is possible. Thus, a highly 
efficient power amplifier can be realized. 



Fifth Embodiment 

[0097] A schematic configuration of a power ampli- 
fier in a fifth embodiment of the present invention will be 
described. Fig. 10 shows a configuration of a power 
amplifier 500 in the fifth embodiment of the present 
invention. Referring to Fig. 10, power amplifier 500 
includes a common-emitter type bipolar transistor Tr1 
for amplification, a resistor Rx, a capacitor Cx, and a 
bipolar transistor Tr2. Capacitor Cx is connected 
between a voltage terminal Vb and a ground potent.^ 
Resistor Rx is connected between voltage terminal Vb 
and the base of bipolar transistor Tr2. Bipolar transistor 
Tr2 has its collector connected to voltage terminal Vb 
and its emitter connected to the base of bipolar transis- 
tor Tr1. , . . 
[0098] If the emitter current, base current and col- 
lector current of bipolar transistor Tr2 are Ie2, Ib2 and 
Ic2 respectively, then emitter current Ie2 is a sum of 
base current Ib2 and collector current Ic2 and collector 
current Ic2 is almost proportional to base current Ib2. 
Therefore, emitter current Ie2 has a diode-like current- 
voltage characteristic for voltage Vb. Thus, bipolar tran- 
sistor Tr2 functions as a variable impedance element. 
[0099] Since base current Ib2 is made variable by 
resistor Rx in this case, collector current Ic2 and emitter 
current Ie2 are also made variable by resistor Rx. 
Therefore, even after bipolar transistor Tr2 to be used is 
selected, the variable resistance characteristic of bipo- 
lar transistor Tr2 can be adjusted by resistor Rx. As a 
result the freedom of adjusting distortion compensation 
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is increased. 

m-lOOl Since distortion can be suppressed even in 
the configuration according to the fifth embodiment of 
the present invention, operation in about the Class AB 
mode or Class B mode is possible. Thus, a h.ghly effi- 
cient power amplifier can be realized. 

Sixth Embodiment 

[0101] A schematic configuration of a power ampli- 
fier in a sixth embodiment of the present invention will 
be described. Fig. 11 shows a configuration of a power 
amplifier 600 in the sixth embodiment of the present 
invention. Referring to Fig. 11, power ampler 600 
includes a common-emitter type bipolar transistor Tr1 
for amplification, a resistor Rx, a capacitor Cx, and a 
bipolar transistor Tr2. Resistor Rx and capacitor Cx are 
connected in series between a voltage terminal Vb and 
a ground potential. Bipolar transistor Tr2 has its emitter 
connected to a node for connecting resistor Rx and 
capacitor Cx, its collector connected to the base of bipo- 
lar transistor Tr1 , and its base connected to voltage ter- 
minal Vb. Power amplifier 600 is different from power 
amplifier 400 in the fourth embodiment in that connec- 
tion of the emitter and the collector is opposite. 
[01021 A transistor performs its operation even if the 
emitter and the collector are connected opposrtely. 
Therefore, since collector current Ic2 is almost propor- 
tional to base current Ib2 in this case as well, collector 
current Ic2 has a diode-like current-voltage characteris- 
tic for voltage Vb. In other words, bipolar transistor Tr2 
functions as a variable impedance element. Since col- 
lector current Ic2 and emitter current Ie2 are made van- 
able by resistor Rx, the variable resistance 
characteristic of bipolar transistor Tr2 can adjusted 
by resistor Rx even after bipolar transistor Tr2 to be 
used is selected. As a result, the freedom of adjusting 
distortion compensation is increased. 
[0103] Since distortion can be suppressed even in 
the configuration according to the sixth embodiment of 
the present invention, operation in about the Class AB 
mode or Class B mode is possible. Thus, a highly effi- 
cient power amplifier can be realized. 

Seventh Embodiment 



[0104] A schematic configuration of a power ampli- 
fier in a seventh embodiment of the present invention 
will be described. Fig. 12 shows a configuration of a 
power amplifier 700 in the seventh embodiment of the 
present Invention. Referring to Rg. 12, power amplrfier 
700 includes a common-emitter type bipolar transistor 
Tr1 for amplification, a resistor Rx, a capacitor Cx, and a 
bipolar transistor Tr2. Capacitor Cx is connected 
between a voltage terminal Vb and a ground potential 
Resistor Rx is connected between voltage terminal Vb 
and the base of bipolar transistor Tr2. Bipolar transistor 
Tr2 has its emitter connected to voltage terminal Vb 



which is connected to the base of bipolar trans.stor Tr2 
Power amplifier 700 is different from power amplifier 
500 in the fifth embodiment in that connection of the 
emitter and the collector is opposite, 
s [0105] A transistor performs its operation even if the 
emitter and the collector are oppositely connected. 
Therefore, since collector current Ic2 is also almost pro- 
portional to base current Ib2 in this case as well, collec- 
tor current Ic2 has a diode-like current-voltage 
w characteristic for voltage Vb. In other words, b.po ar 
transistor Tr2 can function as a variable impedance ele- 
ment In addition, collector current Ic2 and emitter cur- 
rent Ie2 are also made variable by resistor Rx. As a 
result, even after bipolar transistor Tr2 to be used is 
J5 selected, the variable resistance characteristic of bipo- 
lar transistor Tr2 can be adjusted by resistor Rx, and the 
freedom of adjusting distortion compensation is 
increased. 

[0106] Since distortion can be suppressed even in 
20 the configuration according to the seventh embodiment 
of the present invention, operation in about the Class 
AB mode or Class B mode is possible. Thus, a highly 
efficient power amplifier can be realized. 
[01071 Bias voltage Vb in the first to seventh 
25 embodiments of the present invention is supplied from a 
voltage supply circuit 1005 as described below. In ttiis 
case, the gain of the power amplifier may be controlled 
by controlling output voltage Vb of the voltage supply 
circuit. Since the distortion compensation circuit also 
30 serves as a bias circuit for the first bipolar transistor 
(bipolar transistor Tr1), the bias current of the first bipo- 
lar transistor can be controlled by controlling the output 
voltage. As a result, the gain of the power amplifier can 
be controlled while the function of distortion compensa- 
35 tlon is maintained. 

[01 081 Especially in a communication system whicn 
requires low distortion for the power amplifier and gam 
control in a wide dynamic range such as W-CDMA and 
IS-95, it becomes possible to improve the power effi- 
40 ciency of a power amplifier. 

[0109] Furthermore, in the first to seventh embodi- 
ments of the present invention, the distortion compen- 
sation amount of the distortion compensation circurt can 
be controlled by controlling the output voltage of the 
45 voltage supply circuit. Since a DC voltage across he 
variable impedance element included in the distortion 
compensation circurt can be controlled by controlling 
the output voltage of the voltage supply circuit, the 
impedance of the variable impedance element can be 
so controlled. It is therefore possible to provide distortion 
compensation according to the degree of distortion 
caused in the first bipolar transistor, which can adjust 
the distortion compensation amount in the distortion 
compensation circuit. By controlling the output voltage 
55 of the voftage supply circuit, therefore, the freedom of 
distortion compensation is increased as compared with 
a case where the output voltage of the voltage supply 
circuit is fixed. 
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[0110] A schematic configuration of a communica- 
tion device in an eighth embodiment of the present 
invention will be described. Fig. 13 shows a configura- 
tion of a main part of a communication device 1001 in 
the eighth embodiment of the present invention. 
[0111] Referring to Fig. 13, communication device 

1001 includes a power amplifier 1002, an output power 
level detection circuit 1 003 for detecting the output level 
of power amplifier 1002, a control circuit 1004 for con- 
trolling a voltage supply circuit 1005 according to an 
output of output power level detection circuit 1003, a. 
voltage supply circuit 1 005 for supplying power amplifier 

1 002 with a bias voltage according to the control of con- 
trol circuit 1004, and a battery 1006 as a main power 
supply for driving each circuit portion of the communica- 
tion device. 

[0112] One of the power amplifiers described in the 
first to seventh embodiments of the present invention is 
used for power amplifier 1 002. The base of bipolar tran- 
sistor Tr1 included in power amplifier 1002 is supplied 
with the bias voltage from voltage supply circuit 1 005. 
[0113] Communication device 1001 further includes 
a frequency conversion portion 1009, an RF portion 
1 01 0 for reception, an IF/baseband portion 1 01 1 , an RF 
portion 1014 for transmission, a duplexer 1012, and an 
antenna 1013 (RF: Radio Frequency, IF: Intermediate 
Frequency). 

[0114] Frequency conversion portion 1009 includes 
mixers 1020, 1021 and a VCO 1022 (Voltage Controlled 
Oscillator). Mixer 1020 mixes outputs of IF/baseband 
portion 1011 and VCO 1022. Mixer 1021 mixes outputs 
of reception RF portion 1010 and VCO 1022. 
[0115] Transmission RF portion 1014 includes a 
driver amplifier, a filter and so on. In the figure, a driver 
amplifier 1008 and a filter 1007 receiving an output of 
driver amplifier 1008 are representatively shown as 
components of transmission RF portion 1014. In this 
example, driver amplifier 1008 receives an output of 
mixer 1020 and power amplifier 1002 amplifies an out- 
put of filter 1007. 

[0116] Reception RF portion 1010 includes a low 
noise amplifier, a filter and so on. In the figure, a low 
noise amplifier 1024 and a filter 1025 receiving an out- 
put of low noise amplifier 1024 are representatively 
shown as components of reception RF portion 1010. In 
this example, low noise amplifier 1024 receives an out- 
put of duplexer 1 012 and mixer 1021 is supplied with an 
output of filter 1025. 

[0117] Antenna 1013 is used for transmission and 
reception. Duplexer 1012 isolates a transmission RF 
signal and a reception RF signal. 
[01 1 8] The reception RF signal is converted to an I F 
signal by frequency conversion portion 1009 after pass- 
ing through reception RF portion 1010. The IF signal is 
subjected to signal processing by IF/baseband portion 
1011. 
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[0119] A signal output from IF/base band portion 
101 1 is converted to an RF signal by frequency conver- 
sion portion 1009. The RF signal is amplified by power 
amplifier 1002 after passing through transmission RF 
portion 1 01 4. Then, an output of power amplifier 1 002 is 
output from antenna 1013. 

[0120] Power amplifier 1002 in the eighth embodi- 
ment of the present invention is a component at the last 
stage of the transmission portion. Since the power 
amplifier at the last stage of the transmission portion 
has to amplify the largest signal power in the communi- 
cation device, it consumes a large amount of power. In 
a battery-driven communication device such as a 
mobile phone, for example, power consumption of the 
power amplifier accounts for most of power consump- 
tion of the entire communication device at the time of 
communication. 

[0121] Therefore, one of low distortion and highly 
efficient power amplifiers in the first to seventh embodi- 
ments of the present invention is used as power ampli- 
fier 1002. Thus, the power consumption of the entire 
communication device can be reduced. Especially for a 
battery driven communication device, the communica- 
tion time till the battery runs out can be increased. For 
attaining the same communication time as conventional 
products, a much smaller battery can be used, resulting 
in a smaller or lighter communication terminal. 
[0122] Since both low distortion and high efficiency 
can be realized for power amplifier 1002 for transmis- 
sion, it is a desirable embodiment of the present inven- 
tion to use communication device 1001 in the eighth 
embodiment of the present invention in a communica- 
tion system which requires a severe low distortion char- 
acteristic represented by adjacent channel leakage 
power standard for a power amplifier for transmission 
such as W-CDMA, IS-95, PDC, PHS and IMT-2000. 
[01 23] If a transmitted signal includes an amplitude 
modulation component, distortion of the waveform of 
the transmitted signal at an amplification stage for 
amplifying the transmitted signal to a determined 
antenna output level prevents correct demodulation of 
the transmitted information at the receiver side. In such 
a communication system (W-CDMA, IS-95, PDC, PHS, 
IMT-2000, a wireless LAN at 5 GHz band), a low distor- 
tion power amplifier which faithfully amplifies and out- 
puts an input signal waveform is required as a power 
amplifier for transmission power. Since communication 
device 1001 includes low distortion power amplifier 
1 002 for transmission, it can correctly transmit a trans- 
mitted signal including an amplitude modulation compo- 
nent to the receiver side. 

[0124] Furthermore, the gain of power amplifier 
1002 or the distortion compensation amount of the dis- 
tortion compensation circuit may be controlled by 
detecting the output signal level of power amplifier 1 002 
using output power level detection circuit 1 003 and con- 
trolling the output voltage of voltage supply circuit 1 005 
using control circuit 1 004 according to the detected out- 



50 



55 



11 



21 



EP 1 071 204 A2 



10 



15 



20 



25 



put signal level. 
[01251 Since the distortion compensation circuit 
included in power amplifier 1 002 also serves as a bias 
circuit of the first bipolar transistor (bipolar transistor 
Tr1 ) the bias current of the first bipolar transistor can be 
controlled by controlling the output voltage of voltage 
supply circuit 1005. Therefore, the gain of the power 
amplifier can be controlled while the function of distor- 
tion compensation is maintained. When power amplifier 
1002 is used, therefore, it is possible to improve the 
power efficiency of a power amplifier in a communica- 
tion system which requires low distortion for the power 
amplifier and gain control in a wide dynamic range such 
as W-CDMA and 1S-95. Thus, the power consumption 
of a communication terminal can be reduced by control- 
ling the output voltage of voltage supply circuit 1 005. 
[0126] Since a DC voltage across the variable 
impedance element included in the distortion compen- 
sation circuit can be controlled by controlling the output 
voltage of voltage supply circuit 1 005, the impedance of 
the variable impedance elements can be controlled. 
Since the distortion compensation amount of the distor- 
tion compensation circuit can be adjusted as a result, it 
is possible to provide distortion compensation accord- 
ing to the degree of distortion caused in the first bipolar 
transistor. When the output voltage of voltage supply cir- 
cuit 1005 is controlled, therefore, the freedom of distor- 
tion compensation is increased as compared with a 
case where the output voltage of the voltage supply cir- 
cuit is fixed. 

[0127] Although the output power level of power 
amplifier 1002 is detected at its output end in Fig. 13, 
the voltage level may be detected at an arbitrary portion 
of the path from power amplifier 1 002 to antenna 1 013 
(although not shown, a filter, an isolator or the like may 

be added). . . 

[01281 As shown in Fig. 14, an input power level 
detection circuit 1023 for detecting the signal level of 
power amplifier 1002 at its input side may be provided 
instead of output power level detection circuit 1003. In 
this case, control circuit 1004 controls power supply cir- 
cuit 1005 according to an output of input power level 
detection circuit 1 023. As described above, the gain of 
power amplifier 1002 or the distortion compensation 
amount may be controlled by input power level detection 
circuit 1023. 

[01291 Although the present invention has been 
described and illustrated in detail, it is clearly under- 
stood that the same is by way of illustration and example 
only and is not to be taken by way of limitation, the spirit 
and scope of the present invention being limited only by 
the terms of the appended claims. 



Claims 

1 . A power amplifier, comprising: 

a power amplification element including a first 
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bipolar transistor (Tr1) of a common-emitter 
type; 

a voltage supply circuit (1005) for supplying a 
base of said first bipolar transistor with a bias 
voltage; and 

a distortion compensation circuit (1, Rx, Cx) for 
compensating for distortion of said power 
amplification element, said distortion compen- 
sation circuit (1 , Rx, Cx) including 
a variable impedance element (1) provided 
between said voltage supply circuit and the 
base of said first bipolar transistor (Tr1), and 
an adjustment circuit (Rx, Cx) for adjusting at 
least one of a reactance component and a 
resistance component from said first bipolar 
transistor toward said variable impedance ele- 
ment (1). 

The power amplifier according to claim 1, wherein 
said adjustment circuit (Rx, Cx) includes 

a resistor (Rx) having one terminal connected 
to said voltage supply circuit (1005), and 
a capacitor (Cx) connected between another 
terminal of said resistor and a ground potential. 

The power amplifier according to claim 2, wherein 
said variable impedance element (1) is formed of a 
diode element (D1) having an anode connected to 
said voltage supply circuit and a cathode connected 
to the base of said first bipolar transistor. 

The power amplifier according to claim 2, wherein 
said variable impedance element (1) includes a 
second bipolar transistor (Tr2) configured to form a 
PN junction between said voltage supply circuit 
(1005) and the base of said first bipolar transistor 
(Tr1). 

The power amplifier according to claim 2, wherein 
said variable impedance element (1) is formed of a 
second bipolar transistor (Tr2) having an emitter 
connected to the base of said first bipolar transistor 
(Tr1), a base connected to said voltage supply cir- 
cuit, and a collector connected to a node for con- 
necting said resistor and said capacitor. 

6. The power amplifier according to claim 2, wherein 
said variable impedance element (1) is formed of a 
second bipolar transistor (Tr2) having a collector 
connected to the base of said first bipolar transistor 
(Tr1) a base connected to said voltage supply cir- 
cuit, and an emitter connected to a node for con- 
necting said resistor and said capacitor. 

7. The power amplifier according to claim 1 , wherein 
said adjustment circuit (Rx, Cx) includes 



12 



EP 1 071 204 A2 



15 



a resistor (Rx) having one terminal connected 
to sV.d voltage supply circutt (1005) and 
another terminal connected to said variable 
impedance element (1), and 
a capacitor (Cx) connected between said volt- 
age supply circuit (1005) and a ground poten- 
tial. 

8 The power amplifier according to claim 7. wherein 
said variable impedance element (1) is formed of a 
second bipolar transistor 0*2) having an emitter 
connected to the base of said first bipolar transfer 
ST collector connected to said voltage supply 
circuit (1 005), and a base connected to another ter- 
minal of said resistor (Rx). 

9 The power amplifier according to claim 7, wherein 
said Variable impedance element (1) Is formed of a 
second bipolar transistor (Tr2) hav.ng a collector 
ejected to the base of said first bipolar trans-stor 

™«« conneCted t0 ^ ^ SUP ^, 
circuit, andabase connected to another term.nal of 

said resistor. 

10 The power amplifier according to claim 1 wherein 
said first bipolar transistor (Tr1) and said variable 
impedance element (1) are formed on one sem.- 
conductor substrate. 

H. The power amplifier according to claim 1 wher^n 
said first bipolar transistor (Tr1) operates .n a Class 
B or Class AB mode. 

12 The power amplifier according to claim 1, wherein 
12, ga-mcontrol iscarried out by controlling an output 

voltage of said voltage supply citcurt (1005). 

13 The power amplifier according to claim 1 . wherein a 
13 ' S compensation amount of said distort-on 

compensation circuit (1, Rx. Cx) Is controlled by 
controlling an output voltage of said voltage supply 
circuit (1005). 

14. A communication device (1001), comprising: 



the base of said first bipolar transistor (Trl), 
and 

an adjustment circuit (Rx. Cx) for adjusting at 
least one of a reactance component and a 
5 resistance component from said first bipolar 

transistor (Tr1) toward said variable impedance 
element (1). 

15 . The communication device (l 00 ;). 3 ^" 9 ^ 
,„ claim 14. wherein said adjustment circuit (Rx, Cx) 
includes 

a resistor (Rx) having one terminal connected 
to said voltage supply circuit (1005), and 
a capacitor (Cx) connected between another 
terminal of said resistor and a ground potential. 



16. The communication device (1001) according^ to 
claim 15. wherein said variable impedance element 
„ 0)Ts formed of a diode element (D1) having an 
20 anode connected to sad voltage suppV «rcu ^and 
acathode connected to the base of saidfirst bipolar 
transistor. 



a power amplifier (1 002) having a power ampli- 
fication element including a first bipolar transis- 
tor (Tr1) of a common-emitter type for signal 
amplification, and a distortion compensate 
circuit (1. Rx. Cx) for compensating for distor- 
tion of said power amplification element; and 
a voltage supply circuit (1005) for supplying a 
base of said first bipolar transistor (Trl) with a 
bias voltage, 

said distortion compensation circuit (1 . Rx. cx) 

Tlariable impedance element (1) provided 
between said voltage supply circuit (1005) and 



2S 17. The communication device (1001) according^ to 

(1) includes a second bipolar transistor <Tr2) config 
ured to form a PN junction between saW vottage 
supply circuit (1 005) and the base of sa.d first bipo- 
30 lar transistor (Tr1). 

18 . The communication device (1001) according to 
claim 15. wherein said variable impedance elemen 
n) is formed of a second bipolar transsto (Tr2) 
« havinganemitterconnectedtothebaseofsa.dfirst 

35 bjar transfer (Trl). a base connected to sa£ 
voltage supply circuit, and a collector connected to 
I node for connecting said resistor (Rx) and sa.d 
capacitor (Cx). 

40 19. The communication device (1001) according^ to 
claim 15. wherein said variable impedance elemen 
(1) is formed of a second bipolar transrstor <JV 
havingacollectorconnected to the base of said first 

« bfpTr transistor (Tr1). a base connected to «d 
voltage supply circuit (1005), and an em tter con- 
nected to a node for connecting sa.d resistor (Rx) 
and said capacitor (Cx). 



so 20. The communication device d 001 ). 30 ; 0 ^ 9 ^ 
claim 14, wherein said adjustment c.rcurt (Rx, Cx) 

includes 

a resistor (Rx) having one terminal coveted 
to said voltage supply circurt (1005) and 
another terminal connected to said variable 
impedance element (1), and 
a capacitor (Cx) connected between sa.d volt- 
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age supply circuit (1005) and a ground poten- 



tial. 



10 



15 



20 



21 The communication device (1001) according to 
claim 20, wherein said variable impedance element 
(1) is formed of a second bipolar transistor (TO 
having an emitter connected to the base of said fust 
bipolar transistor (Tr1), a collector connected to 
said voltage supply circuit (1005), and a base con- 
nected to another terminal of said resistor (Rx). 

22. The communication device (1001) according to 
claim 20, wherein said variable impedance element 
(1) is formed of a second bipolar transistor (TO) 
having a collector connected to the base of said first 
bipolartransistor(Tr1), an emitter connected to said 
voltage supply circuit (1 005), and a base connected 
to another terminal of said resistor (Rx). 

23. The communication device (1001) according to 
claim 14, wherein said first bipolar transistor (Tr1) 
and said variable impedance element (1) are 
formed on one semiconductor substrate. 

24 The communication device according to claim 14, 
' wherein said first bipolar transistor (Tr1) operates in 
a Class B or Class AB mode. 

25. The communication device (1001) according to 
claim 14, wherein a gain of said power amplifier 
(1002) is controlled by controlling an output voltage 
of said voltage supply circuit (1 005). 

26 The communication device (1001) according to 
claim 14, wherein a distortion compensation 
amount of said distortion compensation circuit (1. 
Rx, Cx) is controlled by controlling an output volt- 
age of said voltage supply circuit (1 005). 

27. The communication device (1001) according to 
claim 14, wherein said signal includes an amplitude 
modulation component. 

28. The communication device (1001) according to 
claim 14, further comprising: 

a detection circuit (1003. 1023) for detecting a 
signal power level input to said power amplifier 
(1002) or a signal power level output from said 
power amplifier; and 

a control circuit (1004) for controlling an output 
voltage of said voltage supply circuit according 
to said signal power level detected by said 
detection circuit. 
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